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MISSION G REQUImNTS FOR TKE RTCC: 

NOMIIXAL ASCENT AND ABORT FROM DESCENT 

By Veit Hanssen 

INTRODUCTION AND SUMMAHY 

This document describes the  ascent and the abort  from descent 
guidance l a w s  necessary f o r  the Real Time Computer Complex (WCC) t o  
simulate t h e  ascent phase and t o  generate the required r e a l  time d i s -  
plays during the  lunar  landing mission. 

This i n t e r n a l  note replaces reference 1 and i s  based on the LUMI- 
NARY FROGRAM of the  guidance system operations plan (GSOP) by MIT 
( re f .  2).  

Since program change requests (F'CR) were made a f t e r  publication of 
reference 2, there  a r e  deviations from the  GSOP due t o  updates which 
a r e  included i n  t h i s  i n t e r n a l  note. Any future  updates w i l l  be docu- 
mented as  they occur. Although the guidance l a w s  f o r  nominal ascent 
a r e  w e l l  defined and w i l l  probably experience only minor changes, 
considerable changes a re  expected i n  the abort  guidance logic  which is, 
therefore ,  only outlined i n  t h i s  document . 

POWERED ASCENT GUIDANCE 

The objective of the  ascent from the  lunar surface and from an 
aborted descent phase i s  t o  i n j e c t  the spacecraft  i n t o  a sa fe  o r b i t  
which is  a l s o  optimum f o r  i n i t i a t i n g  the burns necessary f o r  rendez- 
vous with the command and service modules (CSM). 

The powered ascent guidance l a w s  a re  designed t o  provide f u l l  
velocity,  rad ia l ,  and crossrange posi t ion control ,  which makes it 
possible t o  launch the LM i n t o  a CSM-coplanar o r  CSM-parallel orbi t .  
It i s  l e f t  up t o  the astronaut t o  decide before l i f t o f f  haw much 
out-of-plane dis tance t o  r e t a i n  a t  the end of t h e  in jec t ion  phase. 
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Nominal Ascent 

The nominal ascent program consis ts  of th ree  phases: 

1. Preignition: I n  t h i s  phase t h e  t a r g e t  parameters a re  i n i t i a l i z e d  
and t h e  ascent guidance i s  cycled t o  compute t h r u s t  a t t i t u d e  f o r  displays,  
assuming no v e r t i c a l  r i s e .  

2.  Vertical  r i s e :  The LM ascends along t h e  radius vector till 
a l t i t u d e  r a t e  and yaw a t t i t u d e  t a r g e t s  are met. 

3. Ascent guidance: Guided burn phase from v e r t i c a l  r ise t o  in jec t ion .  

1. Preignition.- The necessary input parameters t o  i n i t i a l i z e  
the preignition phase (P-12) of the  ascent guidance are:  

a. 

b. 

C.  

A s t a t e  vector (5, V’) of the CSM t o  define the t a r g e t  plane. 

S ta te  vector of the ascent s tage a t  i g n i t i o n  (rtig, - 
A P S  t h r u s t  (F), spec i f ic  impulse (I ), and mass (M) of the  

SP ascent stage a t  igni t ion.  

d. Time increment between APS t a i l - o f f  and computation delay 

(nt t a i l o f f  

e. 

After i n i t i a l i z i n g  the  t a r g e t s ,  the crossrange component (Q) of 

Desired in jec t ion  t a r g e t  parameters (%, YD, 5)  

the  t a r g e t  coordinate system i s  defined t o  be perpendicular t o  The CSM 
plane. Q is  t h e  only ax is  of the t a r g e t  coordinate system used i n  the 
ascent guidance, since the l o c a l  v e r t i c a l  coordinate system defines the  
veloci ty  cont ro l  portion. ) i s  s e t  t o  a nominal value 

of 430 seconds and the v e r t i c a l  r i s e  phase cont ro l  f l a g  (FLVP) is  s e t  
t o  one. 

Time t o  go (t 
go 

2. Vert ical  Rise.- The v e r t i c a l  r i s e  phase uses the standard - 
ascent guidance equations. 
spacecraft  ver t ica l ly  from the lunar  surface while performing a yaw 
maneuver ( rotat ion around the X-body or t h r u s t  ax is )  so t h a t  a t  the 
beginning of the ascent guidance phase the  spacecraft  e s s e n t i a l l y  per- 
forms a pi tch maneuver, r o t a t i n g  around the  vehicle Y-axis. 

Its primary objective i s  t o  s t e e r  the 

The v e r t i c a l  r i s e  phase i s  i n i t i a t e d  by defining the l o c a l  v e r t i -  
c a l  coordinate system and computing the crossrange distance i n  the  
t a r g e t  coordinate system. 
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The veloci ty  t o  be gained (&) i s  computed by subtract ing the  

present veloci ty  components f romthe  desired ra tes .  
i n  the l o c a l  v e r t i c a l  system and does not include gravi ty  e f f e c t s .  

It i s  expressed 

The transformation matrix LVNB converts V from the l o c a l  v e r t i c a l  
4 

t o  the vehicle body o r  navigation base coordinate system and the  con- 
verted velocity-to-be-gained i s  used for displays during the  RCS in- 
j e c t i o n  mode. 
gained vector i n  the  APS ascent phase. The t 
next. The equation f o r  t 

truncated s e r i e s  expansion of the exponential  expression f o r  t 

The effect ive gravity i s  included i n  the  velocity-to-be- 
computation i s  performed 

go 
(page 5 ,  flow char t  1) is  derived from a go . 

go 
The guidance parameter computations based on the  in jec t ion  t a r g e t s  

determine a th rus t  a t t i t u d e  which i s  used a f t e r  t h e  v e r t i c a l  r i s e  phase. 
I n  the  meantime t h i s  a t t i t u d e  s teers  t h e  LM SO that  i t s  Z-body axis is  
oriented within 5' of t h e  reference vector UwDp which i s  the  horizontal  

component of t h e  desired acceleration computed by t h e  guidance equations. 
The uni t  t h r u s t  direct ion U which i s  based on the  guidance parameter 

computations i s  updated during the  v e r t i c a l  r i s e  phase t o  point the LM 
axis  along the radius vector. 

- 

-FDP 

The v e r t i c a l  r i s e  phase is terminated when two conditions are  m e t :  

1. The Z-body ax is  has been yawed t o  within 25' o f t h e  plane i n  
which the pitch-over maneuver takes place. 

2. The r a d i a l  r a t e  is greater  than o r  equal t o  50 fps. When 
these a m d i t i o n s  a re  s a t i s f i e d ,  the  v e r t i c a l  r i s e  cont ro l  f l a g  is  s e t  
t o  zero and the ascent guidance phase is  i n i t i a t e d .  

3 .  Ascent Guidance.- During t h i s  phase the  t h r u s t  ax is  l i es  along 
the  commanded accelerat ion vector (a ) and the vehicle a t t i t u d e  about 

the t h r u s t  axis is  controlled by hp such t h a t  t h e  +Z-body axis w i n  
be i n  the  downward direct ion.  A seeming inconsistency i n  the  computa- 
t i o n  of the  crossrange guidance r a t e  coef f ic ien t  (D) i s  t h e  dis tance Y 
which i s  i n  the  t a r g e t  coordinate system, with a l l  other parameters i n  
the  l o c a l  v e r t i c a l  system. This inconsistency i n  coordinate systems i s  
based on the small-angle assumption which i s  valid since the I M  i s  never 
more than 2' out of the  CSM plane. 

-T 
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When the t i m e  t o  go becomes less than 10 seconds t h e  posi t ion con- 
t r o l  f l a g  i s  s e t  t o  one and the guidance r a t e  coe f f i c i en t s  B and D a re  
s e t  t o  zero. This procedure terminates the  IM i n j e c t i o n  posi t ion con- 
t ro l .  A t  t l e s s  than 4 seconds the  engine-off timer i s  i n i t i a t e d  and 

the  engine-off f lag (FLENG2) i s  s e t  t o  one. It should be noted tha t  
ac t iva t ing  the  2 flags FLENGl and FLENG2 does not determine t h e  engine 
on and off times , s ince  they only serve as " i f "  statements.  
guidance computations a re  made when t fal ls  below 2 seconds and the  

previous guidance parameters are maintained u n t i l  i n j ec t ion .  

go 

No further 

go 

RCS Ascent In jec t ion  

This in j ec t ion  mode w i l l  be used i f  the  APS shuts  d a m  prematurely 
( t  l e s s  than approximately 1 minute).  During RCS ascent FLRCS 

equals one and the guidance r a t e  and a t t i t u d e  computations a r e  bypassed. 
The velocity-to-be-gained ( V  ) i s  computed not compensating f o r  the  

e f f ec t ive  gravity,  converted from the  l o c a l  coordinate system t o  vehicle 
body or navigation base coordinates,  and displayed s o  t h a t  t he  ast ronaut  
manually completes the  ascent maneuver. It should be noted t h a t  by 
neglect ing the e f f ec t ive  gravi ty ,  t computations a r e  unnecessary and 

therefore  not performed during t h e  RCS i n j ec t ion  mode. 

go 

-G 

go 

Abort Guidance from Lunar Landing Maneuver 

The abort can be performed by e i t h e r  t h e  descent engine, t he  ascent 
engine , or descent plus ascent engines. 
maneuvers are P7O f o r  DPS and P7l f o r  A P S ,  where P71 can be i n i t i a t e d  a f t e r  
DPS abort  was attempted o r  p a r t i a l l y  performed or both. 
maneuver i s  subdivided i n t o  th ree  abort  zones : 

The programs cont ro l l ing  these 

The lunar  landing 

1. DPS ign i t ion  up t o  50 seconds i n t o  t h e  burn. 

2.  Time from ign i t ion  (TFI) of 50 seconds t o  an a l t i t u d e  of 
25 000 f't. 

3. 25 000-f't a l t i t u d e  t o  landing on the  lunar  surface.  

Zone 1.- If DPS abort (P-70) occurs within 50 seconds of  the  descent 
phase, program 70 i s  i n i t i a t e d  which sets FLP 70 = 1, i n i t i a l i z e s  the  
targets ,  and shuts t h e  engine o f f .  
followed by the computation of time of i gn i t i on  (t 

The average g rout ine  i s  terminated 
) .  The s t a t e  vector 

i g  

.. 
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extrapolated t o  t i s  used t o  determine V using t h e  ascent guidance but 

excluding t h e  e f fec t ive  gravi ty  component. With V computed, ex terna l  

AV defines t h e  i n i t i a l  t h r u s t  a t t i tude  at ign i t ion  and program 40 monitors 
t and a t t i t u d e s  during the burn. 

i g  -G 

-G 

go 
A t  APS abort (P-71) the  DPS engine shuts down, staging occurs and 

the  flag f o r  i n i t i a l  computation cycle i s  s e t  (FLIC = 1) and t h e  ascent 
guidance i s  used f o r  a t t i t u d e  maneuver and in jec t ion .  

Zone 2.- F u l l  t h rus t  is maintained for  DPS as wel l  as APS when TFI 
i s  grea te r  than 50 seconds, and the  ascent guidance i s  entered af'ter 
in jec t ion  t a r g e t s  a re  i n i t i a l i z e d  and t h e  u n i t  normal t o  the  CSM plane 
i s  defined. 

Zone 3.- If the  a l t i t u d e  i s  l e s s  than 25 000 ft t h e  v e r t i c a l  r i s e  
f lag i s  set  (FLVP = 1). 
e r r o r  and t h e  a l t i t u d e  rate ta rge ts  of t h e  nominal ascent phase. However, 
the  v e r t i c a l  r i s e  phase i s  terminated when e i t h e r  t h e  a l t i t u d e  condition - 
i s  s a t i s f i e d  or t he  nominal targets  a re  reached. 

The 25 000-ft a l t i t u d e  is added t o  the yaw 

Combined DPS and APS abort.- For APS in jec t ion  a f t e r  DPS abort WBS 
i n i t i a t e d  or p a r t i a l l y  performed, s taging occurs and t i s  s e t  i n i t i a l l y  

equal t o  2 t 
APS.  Following t h i s  t update, P-71 enters  the  ascent guidance. 

go 
because of t h e  d i f fe ren t  thrust-weight r a t i o  of DPS and 

go 

go 
, 

ASCENT GUIDANCE COORDINATE SYSTEMS 

The ascent guidance computations a r e  performed i n  the  local  v e r t i c a l  
and the t a r g e t  coordinate systems. It should be pointed out t h a t  the  
d e f i n i t i o n  and significance of the t a r g e t  coordinate system (WS) has 
changed during the years and is  now almost a misnomer. 
( the a x i s  normal t o  the  CSM plane) is  computed i n  t h e  TCS t o  determine 
the crossrange distance.  
the veloci ty  cont ro l  portion. 

Only one component 

The l o c a l  v e r t i c a l  system i s  used t o  define 

Target Coordinate System 

The target coordinate system ( f ig .  1) is  referenced t o  the  CSM 
plane and the i n i t i a l  I M  position by: 

- s = unit(% x Q) 
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where P and S are no longer used i n  the  guidance equations. - - 
Local Ver t i ca l  Coordinate System 

The l o c a l  v e r t i c a l  coordinate system ( f ig .  1) i s  defined by: 

gR = u n i t ( r )  

U = unit(gR x - Q) -2 

u = g z x u  -Y -R 

where r i s  the current  IM pos i t ion  vector and r i s  the  in j ec t ion  

vector. 
- 4.0 



Symbol 

"H 

%I 

T a 

TP a 

TR a 

A,  B, C, and D 
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TABLE I. - DEFINITION OF F I O W  CHART SYMBOLS 

at 

n t c  

Attailoff 

%AW 

F 

FUNG1 

Defini t ion 

Magnitude of required t h r u s t  accelerat ion 

Required t h r u s t  accelerat ion vector. 
computes the t h r u s t  d i rec t ion  t o  achieve the 
in jec t ion  t a r g e t s  R and Y (s = a 

This vector 

U + aT&JR). TY-Y 

Magnitude of avai lable  t h r u s t  acceleration. This 
value i s  compared t o  the  required t h r u s t  and t h e  
difference of t h e  t h r u s t  i s  burned i n t o  the down- 
range d i r e c t  ion. 

Applied thrus t  vector ($ = aH + amiz) 

Downrange thrus t  vector component (Z)  

Radial th rus t  vector component 

Crossrange t h r u s t  vector component (Y) 

Guidance coeff ic ients  

Integration s teps  i ze 

Computation t i m e  delay between PIPA reading and 
sending of the commands 

Time increment used t o  correct  t f o r  APS t a i l - o f f  
630 

Yaw a t t i t u d e  parameter maintains the  v e r t i c a l  r ise 
plane u n t i l  vehicle +Z axis  i s  oriented within a 
-25' cone about t h e  reference vector U 

-WDP 

Thrust magnitude 

Engine -on f l a g  
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TABLE I.- DEFINITION OF FLOW CHART SYMBOLS - Continued 

Symbol Defin i t ion  

FiXNG2 Engine - of f f l a g  I 
FLIC I n i t i a l  computation cycle f l a g  f o r  abort  programs 

p70 and p71 

Posi t ion con t ro l  f l a g  (no pos i t ion  con t ro l  when set  
t o  1) 

Flag f o r  RCS in j ec t ion  mode 

Ver t ica l  r i s e  con t ro l  f l a g  

Acceleration of gravi ty  on lunar  surface 
(3.324548 f t /sec2 ) 

Effect ive grav i ty  

Previous gravi ty  accelerat ion vector a t  t i m e  t 

Alt i tude above t h e  landing s i t e  

Alt i tude r a t e  

Specif ic  impulse 

Parameter which replaces the  coe f f i c i en t  of t he  
second order term of the  s e r i e s  expansion of 

Total  mass of the  spacecraf t  

Mass f l m  r a t e  

Lunar g rav i t a t iona l  constant 

Lunar i n e r t i a l  ro t a t ion  r a t e  

U n i t  vector perpendicular t o  the  CSM plane 
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. 

Symbol 

r 
% 

Is 

r - t i g  

LVNB 

r 

R 

% 
i 

4 3  

SMNB 

7 

t 

t2 

t3 

t 
go 

i g  
t 

TABLE I.- DEFINITION O F  FLOW CHART SyMBoIs - Continued 

Defini t ion 

Radius vector of CSM 

Radius of landing s i t e  

Radius vector of ascent stage a t  ign i t ion  

Transformation matrix which converts from l o c a l  
v e r t i c a l  t o  navigation base coordinate system 

Radius magnitude (R = r + h )  Is 

Desired inject ion radius 

Radial velocity 

Desired r a d i a l  veloci ty  

Matrix t o  convert from platform t o  body coordinate 
system 

1. I n i t i a l  mass t o  mass flow r a t e  r a t i o  

2. Acceleration performance parameter when used 
i n  ascent guidance 

Present time 

Time i n t e r v a l  before engine cut-off during which 
a l l  guidance parameters a re  held a t  t h e i r  last 
computed value 

Time i n t e r v a l  before engine cutoff during which no 
posit ion control  i s  exercised 

Estimated time t o  ascent in jec t ion  

Time of igni t ion 
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TABLE I.- DEFINITION OF FIx>W CHART SYMBOLS - Concluded 

Symbol Defini t ion 

TFI 

V * 

'e 

V - t i g  

I Y 

yD 

i . 

Time from i g n i t i o n  

Commanded t h r u s t  a t t i t u d e  vector 

Desired reference window unit vector 
referenced t o  platform coordinates 

Unit radius vector I 
Unit crossrange vector 

Unit d m r a n g e  vector 

l o c a l  
coordinate 
system 

I n e r t i a l  veloci ty  vector 

Velocity vector of CSM 

Desired veloci ty  vector a t  in jec t ion  

Exhaust veloci ty  

Velocity-to-be-gained vector i n  l o c a l  v e r t i c a l  
coordinate system 

Ve loc  i t y  -t o-be -gained vector i n  navigation bas e 
coordinate systems 

Velocity vector of ascent stage a t  i g n i t i o n  
(4-5.3 f t / s e c  f o r  launch from lunar  surface)  

Crossrange distance 

Desired crossrange dis tance a t  in jec t ion  

Crossrange veloci ty  

Desired crossrange veloci ty  a t  i n j e c t i o n  

Downrange veloci ty  

Desired downrange veloci ty  a t  in jec t ion  

. 



TABU 11. - CONSTANTS USED I N  ASCENT PHASEa 

Constant 

T a 

at 

t a i l o f f  

at, 

F 

%oon 

I 
SP 

ISP 

% 

94 

5) 

R 

ii 

Is r 

7 

t2 

Value 

10.5 ft /sec" 

Defini t ion 

i n i t i a l  t h rus t  accelerat ion 

2 sec in tegra t ion  s teps ize  

0.3 sec 

0.1 sec 

3500 lb 

5.3245 f t /sec2 

306 sec 

303 sec 

A H  t h r u s t  

A H  nominal spec i f ic  impulse 

e f f ec t ive  spec i f ic  impulse 

.26617 x 10-5 rad/sec angular velocity 

radius of spher ica l  moon 5.7024 x 106 f t  

r + 60 000 f t  radius a t  in jec t ion  Is 
0 fps  r a d i a l  r a t e  a t  in jec t ion  

5.6975 x 106 f t  radius of landing s i te  

945 sec 

2 sec 

i n i t i a l  mass t o  mass flow 
ra t e  r a t i o  

time t o  go at which guidance 
Darameters are  maintained 
a t  l a s t  computed value 

'The constants shown are  representative f o r  the ascent phase but 
should not be considered o f f i c i a l  values. 



TABLE: 11.- CONSTANTS USED IN ASCENT PHASE' - Concluded 

C on s t ant Value Def in i t ion  

3 t 

'e 

'A 

'PROP 

10 sec 

1.731400 x lo1* 

9850 fPS 

10733 l b  

5044 l b  

0 f t  

0 f p s  

5 x 0  fPS 

t i m e  t o  go a t  which space- 
c r a f t  loses  posi t ion con- 
t r o l  a t  i n j ec t ion  

lunar  g rav i t a t iona l  constant 

exhaust veloci ty  

ascent s tage a t  l i f t o f f  

usable propellant 

crossrange dis tance a t  in-  
j ec t i on 

crossrange r a t e  a t  i n j ec t ion  

downrange ve loc i ty  a t  in -  
j ec t ion  

a 

should not be considered o f f i c i a l  values. 
The constants shown are  representat ive f o r  t he  ascent phase but 
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Flow chart 1.- Nominal ascent and abort from descent guidance. 
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